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1^) Image-forming apparatus. 

(^) An image-forming apparatus comprises a back 
plate carrying thereon a plurality of electron-emitting 
devices, a face plate arranged vis-a-vis ttne back 
plate and carrying thereon a fluorescent member 
and an anti-atmosphenc-pressure spacer. The lon- 



gitudinal axis of the anti-atmospheric-pressure spac- 
er IS arranged substantially in parallel with the direc- 
tion of deflection of electron beams emitted from 
said electron-emitting devices. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an image-formmg ap- 
paratus such as a display apparatus and. more 
particularly, it relates to an image-forming appara- 
tus comprising a spacer arranged inside the ap- 
paratus. 

Related Background Art 

There have been known two types of electron- 
emitting device; the thermoelectron type and the 
cold cathode type. 

Of these, the cold cathode type includes the 
field emission type (hereinafter referred to as the 
FE-type), the metal insulation layer metal type 
{hereinafter referred to as the MIM-type) and the 
surface conduction type. 

Examples of the FE electron-emitting device 
are descnbed m W. P. Dyke & W. W. Dolan, "Field 
emission". Advance in Electron Physics, 8, 89 
(1956) and C. A. Spindt, "PHYSICAL Properties of 
thm-film field emission cathodes with Molybdenum 
cones". J AppI Phys,, 47, 5284 (1976). MIM de- 
vices are disclosed in papers including C. A. Mead 
"The tunnel-emtssion amplifier", J. AppI. Phys., 32. 
646 (1961) Surface conduction electron-emitting 
devices are proposed in papers including M. I 
Ehnson, Radio Eng. Electron Phys., 10 (1965). 

A surface conduction electron-emitting device 
IS realized by utilizing the phenomenon that elec- 
trons are emitted out of a small thin film formed on 
a substrate when an electric current is forced to 
flow in parallel with the film surface. While Elinson 
proposes the use of SnO: thin film for a device of 
this type, the use of Au thin film is proposed in G. 
Dittmer: "Thm Solid Films", 9, 317 (1972), whereas 
the use of In^Oa SnO? thm film and the use of 
carbon thin film are discussed respectively in M. 
Hartwell and C. G. Fonstad; "IEEE Trans. ED 
Conf ". 519 (1975) and H. Araki et al.; "Vacuum". 
Vol. 26, No. 1, p. 22 (1983). 

Fig. 22 of the accompanying drawings sche- 
matically illustrates a typical surface conduction 
electron-emitting device proposed by M. Hartwell. 
In Fig. 22, reference numerals 1011 and 1013 
respectively denote a substrate and an electrically 
conductive film, which is normally prepared by 
producing an H-shaped thin metal oxide film ac- 
cording to a given pattern by means of sputtering, 
part of which eventually makes an electron-emitting 
region 1012 when it is subjected to an electrically 
energizing process referred to as "electric for- 
ming". In Fig. 22, the thin horizontal area of the 
metal oxide film separating a pair of device elec- 
trodes has a length L of 0.5 to 1mm and a width 



295 A2 2 




W of 0.1mm, Note that the electron-emitting region 

1012 IS only very schematically shown because 
there is no way to accurately know its contour and 
location. 

5 As described above, the conductive film 1013 

of such a surface conduction electron-emitting de- 
vice IS normally subjected to an electrically en- 
ergizing preliminary process, which is referred to 
as "electric forming", to produce an electron-emit- 

10 ting region 1012 In the electric forming process, a 
DC voltage or a slowly rising voltage that rises 
typically at a rate of IV mm. is applied to given 
opposite ends of the conductive film 1013 to partly 
destroy, deform or transform the thin film and pro- 

/5 duce an electron-emitting region 1012 which is 
electrically highly resistive. Thus, the electron-emit- 
ting region 1012 is a part of the conductive film 

1013 that typically has fissures therein so that 
electrons may be emitted those fissures. 

20 Note that, once subjected to an electric forming 

process, a surface conduction electron-emitting de- 
vice comes to emit electrons from its electron- 
emitting region 1012 whenever an appropriate volt- 
age (S applied to the conductive film 1013 to make 

25 an electric current run through the device. 

Since a surface conduction electron-emitting 
device as described above is structurally simple 
and can be manufactured in a sinnple manner, a 
large number of such devices can advantageously 

30 be arranged on a large area without difficulty. As a 
matter of fact, a number of studies have been 
rmade to fully exploit this advantage of surface 
conduction electron-emitting devices. Applications 
of devices of the type under consideration include 

35 charged electron beam sources and electronic dis- 
plays. 

In typical examples of application involving a 
large number of surface conduction electron-emit- 
ting devices, the devices are arranged m parallel 

40 rows to show a ladder-like shape and each of the 
devices are respectively connected at given op- 
posite ends with wires (common wires) that are 
arranged in columns to form an electron source (as 
disclosed in Japanese Patent Application Laid-open 

45 Nos. 64-31332, 1-283749 and 1-257552). As for 
display apparatuses and other image-forming ap- 
paratuses comprising surface conduction electron- 
emitting devices such as electronic displays, al- 
though flat-panel type displays comprismg a liquid 

50 crystal panel in place of a CRT have gained popu- 
larity in recent years, such displays are not without 
problems. One of the problems is that a light 
source needs to be additionally incorporated into 
the display in order to illuminate the liquid crystal 

55 panel because the display is not of the so-calied 
emission type and, therefore, the development of 
emission type display apparatuses has been ea- 
gerly expected in the industry. An emission type 
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characterized in that the longitudinal axis of the 
anti-atnnospheric-pressure spacer is arranged sub- 
stantially in parallel with the direction of deflection 
of electron beams emitted from said electron-emit- 
ting devices. 

According to the invention, there is also pro- 
vided an image-formmg apparatus C0f7iprising a 
back plate carrying thereon a plurality of electron- 
emitting devices, a face plate arranged vis-a-vis the 
back plate and carrying thereof^ a fluorescent 
member and an anti-atmospheric-pressure spacer, 
characteri.'ed in that a dcvice-side nb is arranged 
on the back plate, projecting from the back plate 
higher than any of the electrodes of the electron- 
emitting devices, and a fluorescent-!ayer-side nb is 
arranged on the face plate, projecting from the face 
plate higher than the fluorescent layer, said anti- 
atmospheric-pressure spacer being held in contact 
with the back plate and the face plate respectively 
by way of the device-side nb and the fluorescent- 
layer-side nb. 

Accoiding to the invention, there is aisci pro- 
vided an image-forming apparatus comprising a 
back plate carrying thereon a plurality of electron- 
emitting devices, a face plate arranged vis-a-vis the 
back plate and carrying thereon a fluorescent 
member and an anti-atmospheric-pressure spacer 
characterized in that the longitudinal axis of the 
anti-atmospheric-pressure spacer is arranged sub- 
stantially in parallel with the direction of deflection 
of electron beams emitted from said electron-emit- 
ting devices and that a device-side nb is arranged 
on the back plate, projecting from the back plate 
higher than any of the electrodes of the electron- 
emitting devices, and a fluorescent-layer-side nb is 
arranged on the face plate, projecting from the face 
plate higher than the fluorescent layer, said anti- 
atmospheric-pressure spacer being held in contact 
with the back plate and the face plate respectively 
by way of the device-side nb and the fluorescent- 
layer-side nb. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a schematic overall pcrspC'Ctive view 
of a first embodiment of image-formmg apparatus 
according to the invention 

Fig. 1B is a partially cutaway schematic per- 
spective view of the embodiment of Fig, 1A, which 
is asto common to second through tenth embodi- 
ments of the invention. 

Fig. 1C is a schematic overall perspective view 
of a fourth embodiment of image-forming apparatus 
according to the invention. 

Fig. 2 is a partial sectional plan view of the 
embodiment of Fig. 1A taken along X-Y plane. 

Figs. 3A and 38 are a partial sectional plan 
view and a partial sectional side view of a second 
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embodiment of the invention taken along X-Y plane 
and X-Z plane respectively. 

Fig. 4 IS a partial sectional side view of a third 
embodiment of the invention taken along X-Z 

5 plane. 

Fig. 5 IS a partial sectional plan view of the 
embodiment of Fig. 4 ta^en alorig X-Y plantj 

Fig. 6 is a partial sectional plan view of a sixth 
embodiment of the invention takrfT along X-Y 
w plane. 

Fig. 7 IS a partial sectional plan view of a fifth 
embodiment of the inv'ention taken along X-Y 
plane. 

Fig, 8 IS a partially cutaway schematic per- 
15 spective view of a seventh embodiment of the 
invention. 

Fig, 9 IS an enlarged partial sectional plan view 
C'f the embodiment of Fig. 8 taken along X-Y plane. 

Fig. 10 IS an enlarged partial sectional plan 
20 view of an eighth embodiment of the invention 
taken along X-Y plane. 

Fig. 11 IS an enlarged partial sectional plan 
view of a ninth emb'Ddiment of the invention taken 
along X-Y plane. 
25 Fig. 12 IS an enlarged partial sectional plan 

view of a tenth embodiment of the invention taken 
along X-Y plane. 

Fig. 13 IS an exploded schematic perspective 
view of an eleventh embodiment of the invention. 
30 showing its principal components and their ar- 
rangement. 

Fig. 14 IS an enlarged schematic plan view of 
an electron-emitting region of an electron-emitting 
device to be used for the embodiment of Fig. 13. 
35 Fig, 15 IS an enlarged schematic partial plan 

view of the fluorescent layer of the embodiment of 
Fig. 13, 

Fig. 16 IS an exploded schematic perspective 
view of a twelfth embodiment of the invention. 
40 showing its principal components and their ar- 
rangement. 

Fig, 17 IS an exploded schematic perspective 
view of a thirteenth embodiment of the invention, 
showing its principal components and their ar- 
45 rangement 

Fig. 18 IS an enlarged schematic partial plan 
view of the fluorescent layer of the embodiment of 
Fig. 17. 

Fig. 19 IS an exploded schematic perspective 
50 view of a fourteenth embodiment of the invention, 
showing its principal components and their ar- 
rangement. 

Fig. 20 is a schematic partial sectional side 
view of a conventional flat type image-formmg ap- 
55 paratus. 

Fig. 21 IS an enlarged schematic partial plan 
view of the fluorescent layer of a conventional flat 
type image-forming apparatus. 
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isfactonly without damaging the fluorescent layer 
and or the electron-emitting devices by appropri- 
ately arranging the spacer within the apparatus. 

Now, a surface conduction electron-emitting 
device that can suitably be used for the purpose of 
the invention will be described. 

Surface conduction electron-emitting devices to 
be used for the purpose of the preser^t inventior^ 
may be either of the flat type or of the upright type 
Firstly, a flat type surface conduction electr^Dn-emit- 
ting device will be (jescribed. 

Figs 28A and 28B are a plan view and a side 
view of a flat type surface conduction electron- 
emitting device to be suitably used for an image- 
forming apparatus; according to the invention, sche- 
matically showing its basic configuration. 

Referring to Figs. 28A and 28B. a surface 
conduction electron-emitting device of the type un- 
der consideration comprises a substrate 3201, a 
pair of device electrodes 3205 and 3206 and a thin 
film 3204 including an electron-emitting region 
3203. 

Materials that can be used for the substrate 
3201 include quartz, glass containing impurities 
such as Na to a reduced concentration level, 
sodalime glass, glass substrate realized by forming 
an SiO: layer on sodalime glass by means of 
sputtering, ceramic substances such as alumina 
and silicon wafer. 

While the oppositely arranged device elec- 
trodes 3205 and 3206 may be made of any highly 
conducting material, preferred candidate materials 
include metals such as Ni, Cr, Au, Mo, W, Pt, Ti 
Al, Cu and Pd and their alloys, printable conducting 
materials made of a metal or a metal oxide se- 
lected from Pd. Ag, RuO . Pd-Ag and glass, trans- 
parent conducting materials such as In-Oa-SnO: 
and semiconducting materials such as polysilicon. 

The distance LI separating the electrodes is 
between hundreds angstroms and hundreds mi- 
crometers and determined as a function of various 
technical aspects of the photolithography to be 
used for manufacturing the device, including the 
performance of the aligner and the etching method 
involved, and the voltage to be applied to the 
electrodes as well as the electric field strength 
designed for electron emission. Preferably it is 
between several micrometers and tens of several 
micrometers The lengths W1 and the thickness d 
of the device electrodes 3205 and 3206 may be 
determined on the basis of the requirennents in- 
volved in designing the device such as the resis- 
tances of the electrodes and the arrangement of a 
plurality of electron sources provided in the appara- 
tus, although the length W1 of the electrodes is 
normally between several micrometers and several 
hundred micrometers and the thickness d of the 
device electrodes 3205 and 3206 is typically be- 
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tween several hundred angstroms and several mi- 
crometers 

The thin film 3204 of the device is arranged 
between the device electrodes 3205 and 3206 op- 

5 positeiy disposed on the substrate 3201 and in- 
cludes the electron-emitting region 3203. While the 
thin tilm 3204 including the electron-emitting region 
3203 IS partly laid on the device electrodes 3205 
and 3206 m Fig 28B, it may alternatively be so 

H' arranged as to be located off the aevice electrodes 
3205 and 3206 on the substrate 3201. If such is the 
case, a thin film for forming an electron emitting 
region is firstly formed on a substrate 3201 and, 
thereafter, a pair of oppositely arranged device 

It- electrodes 3205 and 3206 are depositted on the 
substrate 3201 to produce such a device. 

Still alternatively, it may be so arranged that all 
the areas of the thin film found between the oppo- 
sitely arranged device electrodes 3205 and 3206 

?o c:perates as an electron emitting region. The thick- 
r.ess of the thin film 3204 including the electron 
emitting region is preferably between several ang- 
stroms and several thousand angstroms and most 
preferably between 10 and 200 angstroms and is 

2'.' determined as a function of the stepped coverage 
of the thin film 3204 on the device electrodes 3205 
and 3206. the resistance between the electron 
emitting region 3203 and the device electrodes 
3205 and 3206. the mean size of the conducting 

30 particles of the electron emitting region 3203 and 
the parameters for the forming operation that will 
be described later as well as other factors. The thin 
film 3204 normally shows a sheet resistance be- 
tween 10- and 10'^ Q □. 

3b The thin film 3204 including the electron emit- 

ting region is made of fine particles of a materia! 
selected from metals such as Pd, Pt, Ru, Ag, Au. 
Ti. In. Cu. Cr. Fe, Zn, Sn, Ta, W and Pb, o>ides 
such as PdO. SnO:, In^Os, PbO and Sb203, 

40 borides such as HfB.N ZrE;:. LaB^ , CeBfe, YB* and 
GdBi, carbides such as TiC, ZrC, HfC, TaC, SiC 
and WC. nitrides such as TiN, ZrN and HfN. semi- 
conductors such as Si and Ge. carbon, AgMg and 
NiCu. 

45 The term "a fine particle film" as used herein 

refers to a thin film constituted of a large number of 
fine particles that may be loosely dispersed, tightly 
arranged or mutually and randomly overlapping (to 
form an island structure under certain conditions). 

50 The electron emitting region 3203 is consti- 

tuted of a large number of fine conductor particles 
with a mean particle size of between several and 
several thousands angstroms and preferably be- 
tween 10 and 200 angstroms depending on the 

55 thickness of the thin film 3204 including the elec- 
tron emitting region and a number of factors includ- 
ing the method selected for manufacturing the de- 
vice and the parameters for the forming operation 
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scribed above come to have a Z-directional ve- 
locity component as an accelerating voltage is ap- 
plied thereto rmamly between the back plate 1001 
and the face plate 1003 and also a + X- or -X- 
directional velocity component as they are de- 
flected towarij the respective device anodC'S The 
e!ci:tron beams eventuatty collide with the respec- 
tive fluorescent members of electron beam irradia- 
tion arranged on the inner surface of the face plate- 
and cause the latter to emit light to form images on 
the display screen of the apparatus Note that the 
anti-atmospheric-pressure spacers do not interfere 
with any of the election beams being accelerated 
by the accelerating voltage so that the electron 
beams collide with the respective fluorescent mem- 
bers as if there were no anti-atmospheric-pressure 
spacers arranged within the apparatus. 

In this c;mbodiment, the anti-atmospheric-pres- 
suie spacers 1004 are arranged m positional agree- 
ment With the respective boundary gaps {black 
stripes), each separating adjacent fluorescent tar- 
gets from each other, tn other words, the anti- 
atmospheric-pressure spacers 1004 are not located 
vis-a-vis any of the fluorescent targets. Additionally, 
thoy are ananged on the back plate in areas that 
are not occuf)ied by the electron-emitting devices 
It should be noted that the above statement holds 
true throughout the embodiments described herein 
wttli regard to the present invention. 

In this embodiment, each of the anti-atmo- 
sphenc-pressure spacers 1004 is rigidly fixed to 
the face plate 1003 and or the back plate 1001 by 
mC'ans of a frit glass fixture and held stationary by 
means of f(Dur anchor blocks, although each anti- 
atmcispheric -pressure spacer may be held station- 
ary with a reduced number of anchor blocks and 
ft>ed only to either the back plate or the face plate 
if such an arrangement ensures satisfactory 
strength and positional accuracy. Again, while each 
of the anti-atmospheric-pressure spacers is rigidly 
fiM?cj to the enclosure 1002 at the opposite ends 
thereof in this embodiment, it may be secured to 
the enclosure 1002 only at an end thereof if sat- 
isfactory strength and positional accuracy is en- 
sured by an arrangement 

Besides, while the anti-atmosphenc-pressure 
spacers are secured to the enclosure in this em- 
bodiment, they may alternatively be secured to a 
support frame arranged inside the enclosure. Al- 
though frit glass fixtures are used to rigidly hold the 
anti-atmospheric-pressure spacers or the anchor 
blocks in this embodiment, an adhesive agent may 
alternatively be used for the same purpose. Again, 
the above statement on the use of a support frame 
and an adhesive agent holds true throughout the 
embodiments described herein with regard to the 
present invention. 
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While Ftg. 1A illustrates an image-forming ap- 
paratus comprising ten rows of electron-emitting 
devices and Fig. 2 shows that each row comprises 
four electron-emitting devices, the number of rows 

5 and the number of devices in each row are not 
limited thereto and they may be varied appro- 
priately. The inside of the embodimefit is evacu- 
ated by means of an exhaust pipe {not shown) and 
a vacuum pump and the exhaust pipe {not shown) 

w IS molten to hermetically seal the enclosure when 
the inside is evacuated to a degree of vacuum of 
approximately 10"^Torr. 

[Embodiment 2] 

;5 

Figs. 3A and 3B illustrate a second embodi- 
ment of image-forming apparatus according to the 
invention. Fig. 3A shows a partial sectional plan 
view taken along X-Y plane white Fig. 38 shows a 

20 partial sectional side view taken along X-Z plane. 

Referring to Figs. 3A and 3B, the embodiment 
comprises fluorescent targets 1010 formed on a 
face plate 1003 and anchor blocks 1005' for rigidly 
holding anti-atmosphenc-pressure spacers 1004 to 

25 a face plate 1003. 

This embodiment is characterized in that the 
anchor blocks 1005' for supporting and rigidly hol(j- 
ing the anti-atmospheric-pressure spacers 1004 are 
arranged off the tracks of electron beams and fitted 

30 onto the face plate 1003 by means of frit glass 
fixtures. 

Note that the anchor blocks 1005' may alter- 
natively be fitted onto the back plate 1001 or both 
the face plate 1003 and the back plate 1001 if they 

35 do not interfere with the tracks of electron beams in 
the apparatus. 

A more rigid anti-atmospheric-pressure struc- 
ture may be obtained for this embodiment if anchor 
blocks 1005 of the type used in the first embodi- 

40 ment are also used in combination with the anchor 
blocks 1005' and fitted to the enclosure of this 
embodiment. 

[Embodiment 3] 

45 

Figs. 4 and 5 illustrate a third embodiment of 
image-forming apparatus according to the inven- 
tion. Fig. 4 is a partial sectional side view of a third 
embodiment of the invention taken along X-Z plane 
50 and Fig. 5 is a partial sectional plan view of the 
embodiment of Fig. 4 taken along X-Y plane. 

Referring to Figs. 4 and 5. reference numeral 
1009 denotes grooves for receiving respective anti- 
atmospheric-pressure spacers 1004, which are rig- 
55 idly fitted into the grooves 1009 by means of frit 
glass fixtures 1006. 

Note that this embodiment differs from Em- 
bodiment 1 only in that grooves are provided for 
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prises a plurality of spacers arranged along a line 
in parallel with the X-axis, each having a length A 
and any adjacent ones being separated from each 
other by a distance B in the row. 

Then, two adjacent rows 1021 of anti-atmo- 
sphenc-pressure spacers are arranged in such a 
way that one of the rows is displaced along the X- 
axis by a distance of (A + B)2 relative to the other 
and the two rows are separated in Y-direction by 
ten rows of electron-emitting devices or a distance 
of C. All the rows of anti-atmosphenc-pressure 
spacers are arranged in this manner within the 
image-formmg apparatus. 

In an experiment conducted by the inventors of 
the present invention for this embodiment, anti- 
atmospheric-pressure spacers made of glass and 
having a length A of 40mm, a thickness along the 
Y-axis of 0 2mm and a height along the Z-axis of 
3mm were arranged within an image-forming ap- 
paratus according to the invention in such a way 
that any two adjacent anti-atmosphenc-pressure 
spacers were separated from each other by a dis- 
tance B along the X-axis of 40mm in a same row 
and any two adjacent rows of anti-atmosphenc- 
pressure spacers were separated from each other 
by a distance C along the Y-axis of 15mm. Both 
the tace plate and the back plate of the apparatus 
were square and had 300mm long edges and a 
thickness of 3mm. Then, a plurality of small anti- 
atmospheric-pressure spacers were arranged in 
each row m parallel with or substantially in parallel 
with the electron beams emitted from the electron- 
emitting devices of the apparatus and zigzag tn 
directions perpendicular to the direction of electron 
beams. With such an arrangement, the inside of 
the apparatus could be evacuated effectively and 
efficiently to a high degree of vacuum. Additionally, 
since the surface area of each spacer was signifi- 
cantly reduced, the apparatus could maintain the 
improved internal vacuum condition for a prolonged 
period of time, 

[Embodiment 8] 

Fig. 10 IS an enlarged partial sectional plan 
view of an eighth embodiment of imagc-forming 
apparatus according to the invention taken along X- 
Y plane, where the face plate is removed. 

This embodiment is similar to the seventh em- 
bodiment and differs from the latter only in the 
distance separating any two adjacent anti-atmo- 
spheric-pressure spacers. 

In an experiment conducted by the inventors of 
the present invention for this embodiment, anti- 
atmosphenc-pressure spacers made of glass and 
having a length A of 40mm, a thickness along the 
Y-axis of 0.2mm and a height along the Z-axis of 
3mm were arranged within an image-forming ap- 
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paratus according to the invention in such a way 
that any two adjacent anti-atmosphenc-pressure 
spacers were separated from each other by a dis- 
tance B of 30mm along the X-axis in a same row 

5 and any two adjacent rows of anti-atmosphenc- 
pressuro spacers were separated from each other 
by a distance C along the Y-axis of 20nnm BotI" 
the face plate and the back plate of the apparatus 
were square and tiad 300mrT^ long edges, and a 

w thickness of 3mm. 

With this arrangement, the inside of the ap- 
paratus could be evacuated effectively and effi- 
ciently to a high degree of vacuum and the appara- 
tus could maintain the improved interna! vacuum 

75 condition for a prolonged period of time as m the 
case of Embodiment 7 

[Embodiment 9] 

20 Fig. 11 IS an enlarged partial sectional plan 

view of a ninth embodiment of image-forming ap- 
paratus according to the inventuDn taken along X-V 
plane, where the face plate is removed. 

This embodiment is similar to the seventh and 

25 eighth embodiments and differs from the latter C'niy 
in that rows of anti-atmospheric-pressure spacers 
with different sizes are alternately arranged 

Referring to Fig. 11, a row 1022 of anti-at- 
mosphenc-pressure spacers 1024 of a first type 

30 and a row 1025 of anti-atmosphenc-pressure spac- 
ers 1023 of a second type are adjacently arranged 
The anti-atmospheric-pressure spacer 1024 of the 
first type has a length of a1 along the X-axis. 
whereas the anti-atmosphenc-pressure spacer 

35 1023 of the second type has a length of a2 along 
the X-axis. Any two adjacent anti-atmospheric-pres- 
surespacers 1024 of the first type are separateo 
from each other by a distance of b1 along the X- 
axis in each row 1022 of anti-atmosphenc-pressure 

40 spacers 1024 of the first type running along the X- 
axis, whereas any two adjacent anti-atmosphenc- 
pressure spacers 1023 of the second type are 
sc'parated from each other by a distance of b2 
along the X-axis in each row 1025 of anti-atmo- 

45 spheric-pressure spacers 1023 of the second type 
running along the X-axis Then each row 1022 of 
anti-atmospheric-pressure spacers 1024 of the first 
type IS separated from any adjacent row 1025 of 
anti-atmospheric-pressure spacers 1023 of the see- 
so ond type by ten rows of electron-emitting devices 
or a distance of C. 

In an experiment conducted by the inventors of 
the present invention for this embodiment, anti- 
atmospheric-pressure spacers 1024 of the first type 

55 were made of glass and had a length a1 of 40mm. 
a thickness along the Y-axis of 0.2mm and a height 
along the Z-axis of 3mm, whereas anti-atmospher- 
ic-pressure spacers 1023 of the second type were 
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above. 

(1) A glass substrate 1000 was thoroughly 
cleaned m an organic solvent and. thereafter, an 
electrode layer of nickel (Ni) was formed on the 
substrate 1000 to a thickness of 1 ,OO0A (See 5 
Figs 13 and 14.) Then, a plurality of wires 2001 
were fornned with respective device eioctrodes 
2004 along a direction perpendicular to the 
strrpe-shaped fluorescent members arranged on 

the face piate side {along X-direction m Fig. 14) io 
such that a pair of closely located device elec- 
trodes 2004 were separated from each other by 
a distance (LI in Fig. 14} of 3am and respec- 
tively connected to a pair of related wire sec- 
tions 2001 '5 

(2) After applying an organic palladium {ccp- 
4230 available from Okuno Pharmaceutical Co. 
Ltd.) containing solution to the glass substrate 
1000 the latter was heat-treated at 300 ° C for 

ten rriinutes to form a film of fine particles ot .^o 
palladium oxide. Then, the film was subjected tc 
a patterning operation, involving etchin'^, to pro- 
Ouce thin films 2006 for forming electron-OfTiit- 
ting regions, each located between a pair of 
device electrodes 2004. (See Fig. 14.) Each ot 25 
the thin film 2006 for forming an electron-emit- 
ting region was made to have a film thickness ot 
100A and sheet resistance of 5>10Q The termi 
"a fine particle film" as used herein refers to a 
thin film constituted of a large number of fine 30 
particles that may be loosely dispersed, tightly 
arranged c^r mutually and randomly overlapping 
(to form an island structure under certain con- 
ditions) and. whenever the expression "mean 
particle size" is employed, it refers only to that 35 
of recognizable fine particles. 

(3) Thereafter, a given voltage was applied to 
the device sections 2004 of the device electrode 
layer 2005 to expose them to an electrically 
energizing process referred to as "electric for- -w 
ming" and produce an electron-emitting region 
between each appropriate pair of device sec- 
tions 2004 of the device electrode 2005, 

(4) As a number of electron-emitting devices 
were prepared along a plurality of rows of wire ^5 
sections 2001, device-side ribs 2002 were then 
arranged in such a way that each rib 2002 runs 

at the middle between any two adjacent devices 
arranged along a wire section (X-direction). !n 
other words, the ribs were arranged along the Y- 50 
axis in Fig. 14. The device-side ribs 2002 were 
made of frit glass having a low melting point and 
formed there by printing such that each of the 
ribs had a width and a height equal to I00um. 

(5) Then, the face plate 1003 was prepared m a 55 
manner as described below. 

After thoroughly cleaning a glass substrate 
2008 in a solution containing hydrofluoric acid. 
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black stripes 2010 were formed thereon by pho- 
tolithography, using graphite for a principal in- 
gredient (See Fig. 15 ) Thereafter, a color flu- 
orescent layer 2009 was formed on the glass 
substrate 2008 by means of a so-called slurry 
method, a technique popularly used for mar^u- 
facturing CRTs, where each of coloring fluores- 
cent materials for red, green and blue was 
nni>ed with photoresist to reduce it into a slurry- 
like state and then applied onto the glass sub- 
strate 2008 to produce stripe-shaped fluorescent 
rmembers 2011 until stripes of all the three pri- 
mary colors were formed. The formed stripes 
were then photographically developed and fixed. 
The fluorescent members 201 1 were satisfac- 
tory in that they were evenly formed with a 
thickness ranging between 20 and 30um. 

(6) Thereafter, the surface of the fluorescent 
layer 2009 was smoothed by using a technique 
called "filming" and then a metal back layer (not 
shown) of alurTiinum was evenly formed on the 
inner surface of the fluorescent layer 2009 to a 
thickness of approximately 2,000A by vacuum 
deposition 

(7) After producing the fluorescent layer 2009 
an(j the metal back, fluorescent-layer-side ribs 
2003 of frit glass were formed thereon to a 
thickness and a width of lOOum m such a way 
that each of the ribs 2003 was formed exactly 
on every third black stripe 2010 and therefore 
each rib was made responsible for three fluores- 
cent members Cif different primary colors, 

(8) The substrate 2000 carrying thereon a num- 
ber of electron-emitting devices and the face 
plate 1003 were then oppositely aisposed with a 
plurality of anti-atmospheric-pressure spacers 
1004 and an enclosure 1002 arraniged there- 
between and frit glass was applied to the areas 
of the face plate 1003. the enclosure 1002 and 
the substrate 2000 to be bonded together before 
they were baked in the air or in a nitrogen 
atmosphere at tennperature between 400 ° C and 
500 " C for more than ten minutes to hermeti- 
cally seal the assembly of the components. 
Note that a number of grid electrodes (not 
shown) were also arranged for modulation within 
the embodiment. Then, identical pieces of plate 
glass, each having a height of 5mm and a 
thickness of 200um, were arranged as so many 
spacers along a direction (X-direction) perpen- 
dicular to the ribs 2002 and 2003 disposed 
respectively on the substrate 2000 and the face 
plate 1003. 

(9) Thereafter, the inside of the prepared glass 
enclosure assembly (comprising the substrate 
2000. the enclosure 1002 and the face plate 
1003) was evacuated by means of a vacuum 
pump through an exhaust pipe (not shown) to 
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approximately 10~^Torr) embodiment can be re- 
markably reduced 

[Embodiment 13] 

Fig. 18 shows an e-nlarged schematic partial 
plan view of the fluorescofit layer of a thirteenth 
embodiment of image-foimmg apf^aratus acccading 
to the invention 

As seen from Fig. 18, the fluorescent members 

2011 of this embodiment are arranged to show a 
so-called delta array. In Fig, 18. reference nuf^eral 

2012 denotes a t>)ack layer in which fluorescent 
members are arranged to show a matri<. If the 
distance separating any two most ciosely arranged 
fluorescent members of a same color (or dot pitch) 
IS P m a delta array of fluorescent members, the 
horizontal distance of the two same color members 
IS 3)P 2, signifying that the entire display screen 
shows an improved reS'DlutiOf^ horuontallv and is 
capable of displaying clear images. 

Fig. 17 IS an exploded schematic perspective 
view of the thirteenth embodiment comprising a 
delta array of fluorescent members, showing its 
principal components and their arrangement. As 
seen in F' 17, bC'tfi the device-side ribs 2002 and 
the fluorescent-layer-side nbs 2003 are realized m 
the form of a three-fingered starfish and arrant^ed 
such that the nbs 2002 and 2003 are held in 
contact with respective cylindrical anti-atmospheric- 
pressure spacers 1004. With such an arrangement, 
tne fluorescent layer 2009 and the device elec- 
trodes 2001 and 2004 are least liable to be damag- 
ed and, consequently, the embodiment can stably 
display clear images for a prolonged service hfe. 

When any of the above described embodi- 
rrients is used as a light source of an image 
recording apparatus, the latter operates stably to 
reproduce clear and flawless images. 

[Embodiment 14] 

Fig. 19 IS an exploded schematic perspective 
view of a fourteenth embodiment of the invention, 
showing its principal components and their ar- 
rangement. Note that the back plate is directionally 
arranged in Fig. 19 same as that of Fig. IB. 

A back plate carrying thereon a number of 
electron-emitting devices and wires arranged in the 
form of a matrix on an X-Y plane as illustrated in 
Fig. IB and used for the first embodiment is also 
used for this embodiment and, as shown in Fig. 19, 
device-side ribs 2002 are arranged on the back 
plate along a direction perpendicular to that of 
deflection of electron beams emitted from the elec- 
tron-emitting devices as in the case of the eleventh 
embodiment. Then, a plurality of small anti-atmo- 
spheric-pressure spacers 3004 having a length L' 
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smaller than the length L of the enclosure 1002 
along the X-axis are arranged in parallel with the 
direction of deflection of electron beams emitted 
from the devices. Additionally, a certain number of 

5 small anti-atmospheric-prcssure spacers are ar- 
ranged in a zigzag manner along a direction (V- 
directior^) f'erpendicular to the direction of arrange- 
ment of the above mentioned small spacers 

Along with tliese corriponents. a face plate 

w carrying a fluorescent layer and provided with a 
number of fluorescent-layer-side nbs 2003 as that 
of the eleventh embodiment illustrated in Fig. 15 is 
used to form an image-forming apparatus Any 
known techniques may be used for the evacLiation 

75 of the apparatus and the process of utilizing a 
getter. 

Again, since there exists practically nothing 
that interferes with the conductance in the embodi- 
nnent when it is evacuated, the time required for 

20 hermetically sealing the evacuated (to a degree of 
vacuum of approximately lO^'^Torr) embodiment 
can be re-markably reduced. Additionally, since 
anti-atmospheric-pressure spacers can be arranged 
between the face plate and the substrate without 

25 damaging the fluorescent layer and the electrode 
layer for electron-emitting devices, the entire ap- 
paratus can be assembled without any probleiTi. 
Finally, since the arranged anti-atmospheric-pres- 
sure spacers are least liable to be unintentionally 

30 displaced, the tracks of emitted electron beams are 
free from interference and, therefore, the apparatus 
can display clear images for a prolonged service 
life even if it is occasionally subjected to strain and 
stress. 

35 

[Embodiment 15] 

Fig, 26 IS a schematic perspective view of a 
fifteenth ennbodiment of image-forming apparatus 

40 according to the invention. This embodiment is 
obtained by replacing the back plate of the elev- 
enth embodiment (comprising a glass substrate 
1001 and electron-emitting devices formed thereon 
as illustrated in Fig. 13) with the back plate 1001 of 

45 the first embodiment (as illustrated in Fig. IB). In 
Fig. 26, the components same as those of the first 
and eleventh embodiments are denoted by the 
same reference symbols. 

Referring to Fig. 26, the embodiment com- 

50 prises a glass substrate 1001, an enclosure 1002, a 
face plate 1003, a number of anti-atmosphenc- 
pressure spacers 1004 arranged substantially in 
parallel with the X-axis, a number of electron-emit- 
ting devices formed on the glass substrate 1001 

65 and arranged to show a matrix and wires for apply- 
ing the respective electron-emitting devices to 
cause them to emit electrons. 
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nor color breakup ir^ the display screen were ob- 
served if the glass substrate 1001 and the face 
piate 1003 were slightly misaligned in Y-direction. 
Additionally, the spacers 1004 do not require ac- 
curate nnutual alignment in X- and Y-directions 
when they are arranged on the face plate 1003 (in 
parallel with the X-axis) and it is sufficient for them 
to be arranged with regular intervals in corresporv 
dence with the respective electron-emitting de- 
vices. 

The above embodiment may be modified m 
many different ways. For e>ample, a device-side 
nb 2002 may be provided for every several elec- 
tron-emitting devices or a fluorescent-layer-side rib 
may be provided for every three stripe-shaped 
fluorescent members for red, green and blue. 

[Advantages of the Invention] 

As described above m detail, in an image- 
forming apparatus according to the invention and 
comprising, in particular, surface conduction elec- 
tron-erTiitting devices, there is provided a panel 
structure where the tracks of electron beams emit- 
ted from the electron-emitting devices are made 
free frorm obstrui:tion as a result of arranging anti- 
atmosphenc-pressure spacers in parallel with the 
direction of deflection of electron beams emitteo 
from the electron-emitting (jevices. Therefore, an 
image-fornning apparatus according to the invention 
has. above all, the following advantages. 

(1) The apparatus is free from any loss in the 
rate of collision of electrons with the fluorescent 
layer and, therefore, the fluorescent layer can 
stably and efficiently emit light for image dis- 
play. 

(2) The apparatus is free from any swerved 
tracks of electrons that can be brought forth by 
undestred changes in the distribution of electric 
potential due to charged-up anti-atmospheric- 
pressure spacers in the apparatus and also free 
from any destruction of devices that can be 
brought forth by creeping discharge due to re- 
duction in the withstand creeping voltage 

(3) The apparatus can have a light emitting 
section that can emit light efficiently to a high 
degree of brightness because it can have an 
enhanced withstand creeping voltage and hence 
a high accelerating voltage. 

(4) The apparatus can display highly defined 
clear images because electron-emitting devices 
and anti-atmospheric-pressure spacers can be 
densely arranged in the apparatus. 

(5) The apparatus can be manufactured effi- 
ciently because the conductance in the appara- 
tus can be improved by using small anti-at- 
mospheric-pressure spacers. 
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(6) The apparatus can have an improved capa- 
bility for maintaining a high degree of vacuum 
within the apparatus because the entire surface 
area of the spacers comprised in the apparatus 
5 can be reduced by arranging small anti-atmo- 

spheric-pressure spacer m a ^ig^ag rmanner 
Additionally, the apparatus has [he following ad- 
vantage when it comprises device-sidc and flu- 
orescent-layer-side ribs. 
JO (7) The apparatus is free from damage on the' 
devices and the fluorescent members if the anti- 
atmospheric-pressure spacers are arranged with 
slight displacement or deformation because the 
antt-atmosphenc-pressure spacers for separat- 
rs ing the substrate and the face plate are not held 
in touch with the electron-emitting devices and 
the fluorescent members. Hence, the entire ap- 
paratus can be assembled with a lesser degree 
of elaboration and display clear images for a 
?o prolonged service life. 

An image-forming apparatus comprises a bacK 
plate carrying thereon a plurality of electron-emit- 
ting devices, a face ptate arranged vis-a-vis the 
back plate and carrying thereon a fluorescent 
25 member and an anti-atmospheric-pressure spacer. 
The longitudinal a>:is of the anti-atmospheric-pres- 
sure spacer is arranged substantially m parallel 
with the direction of deflection of electron beams 
emitted frorm said electron-emitting devices 

30 

Claims 

1. An ifTiage-formmg apparatus corTiprising a 
back plate carrying thereon a plurality of elec- 

35 tron-emitting devices, a face plate arranged 

vis-a-vis the back plate and carrying thereon a 
fluorescent member and an anti-atrriospheric- 
pressure spacer, characterized in that the lon- 
gitudinal axis of the anti-atmospheric-pressure 

40 spacers is arranged substantially m parallel 

with the direction of deflection of electron 
beams emitted from said electron-emitting de- 
vices. 

45 2. An image-forming apparatus according to 
claim 1. wherein a plurality of said anti-at- 
mospheric-pressure spacers are arranged in a 
row running substantially in perpendicular to 
the direction of deflection of electron beams. 

50 

3. An image-forming apparatus according to 
claim 2, wherein each of said anti-atmospheric- 
pressure spacers comprises a plurality of small 
spacers. 

65 

4. An tmage-forming apparatus according to 
claim 3, wherein the plurality of small spacers 
constituting said plurality of anti-atmospheric- 



17 



EP 0 631 295 A2 




EP 0 631 295 A2 




EP 0 631 295 A2 



Y 
t 



Z 



"EST 

r ~ 



L - 
-CS3- 



FIG. 3 A 



TSsr 



1005' 1006 .1004 



"EST 



-csa. 



"KSJ 




FIG. 3B 



1010 1006 1005 



1003 




EP 0 631 295 A2 





Y 



FIG. 7 




1004 1007 1008 1006 



□ □ □ □ □ 



□ □ □ □ □ 

□ □ □ □ □ 




EP 0 631 295 A2 



FIG. 9 



• •••••••• •••••••• 

•••••••••••••••••••••••••••••• 

•••••••••••••••••«•••••••••••• 

.••.•.•.•.t.•.{.f#f.f.f.ftf.».».^^.f.f ••.#.••«•.•**, 

•••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••• 





1004 



y 



FIG. 10 



•••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••• 



-1021 
1008 
.1007 




EP 0 631 295 A2 




EP 0 631 295 A2 




EP 0 631 295 A2 



FIG. 19 




EP 0 631 295 A2 



FIO. 22 
PRIOR ART 




,1011 



FIG. 23 A 



EP 0 631 295 A2 



FIG. 25 



2002 



1007 2004 



2037 



rv //////// I r 




/ / / / / 7-7- 



/ / / / /// / / A 



2033 
1001 



1003 



2008 
2009R 
2010 
2003- 
2009G- 
2009b 





2002 



1007 



11014,1015 
1013 ^ 



1020 



EP 0 631 295 A2 



FIG. 29 



325^ 3256 
3253 ;' \ 



Europaische^^tentamt 

European Patent Office 
Office europeen des brevets 




Publication number 



EUROPEAN PATENT APPLICATION 




0 631 295 A3 



Application number 94107761.2 
Date of filing: 19.05.94 



!nt cr H01J 9 18, H01J 31 12 



fx I 


Priority 20.05.93 JP 139926/93 


30-2, 3-chome, 




26.05.93 JP 145418/93 


Shtmomaruko 




10.05.94 JP 119705/94 


Ohta-ku, 






Tokyo 146 (JP) 


1 -tj ) 


Date of publication of application: 


Inventor Mitsutake, Hideaki, c/o Canon 




28-12.94 Bulletin 94/52 


Kabushiki Kaisha 






30-2, 3-chonne, 


' >• . 


Designated Contracting States: 


Shtmomaruko 



AT BE CH DE DK ES FR GB GR IE IT LI LU NL 
PT SE 

Date of deferred publication of the search report: 
15.02.95 Bulletin 95/07 



•Z^ Applicant CANON KABUSHIKI KAISHA 
30-2, 3-chome, Shimomaruko, 
Ohta-ku 
Tokyo (JP) 

Inventor Andoh, Tomokazu, c/o Canon 

Kabushiki Kaisha 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, 

Tokyo 146 (JP) 

Inventor Osada, Yoshiyuki, c/o Canon 

Kabushiki Kaisha 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, 

Tokyo 146 (JP) 

Inventor Miyazaki, Toshihiko, c/o Canon 
Kabushiki Kaisha 



CO 

< 

If) 

^ (54) Image-forming apparatus. 



Ohta-ku, 
Tokyo 146 (JP) 

Inventor Nakamura, Naoto c/o Canon 

Kabushiki Kaisha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, 

Tokyo 146 (JP) 

Inventor Tagawa, Masahiro c/o Canon 

Kabushiki Kaisha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, 

Tokyo 146 (JP) 

Inventor: Kaneko, Tadashi c/o Canon 

Kabushiki Kaisha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, 

Tokyo 146 (JP) 



0 Representative: Pellmann, Hans-Bernd, 
Dipl.-lng. et al 
Patentanwaltsbu ro 
Tiedtke-Buhling-Kinne & Partner 
Bavariaring 4 
D-80336 Munchen (DE) 



00 
CO 



Q. 
LU 



^ An image-forming apparatus comprises a back 
plate carrying thereon a plurality of electron-emitting 
devices, a face plate arranged vis-a-vis the back 
plate and carrying thereon a fluorescent member 
and an anti-atmosphenc-pressure spacer. The lon- 



gitudinal axis of the anti-atmosphcnc-pressure spac- 
er IS arranged substantially in parallel with the direc- 
tion of deflection of electron beams emitted from 
said electron-emitting devices 



J) 



I- uropcaji Patent 
Office 



EL ROPEAN SEARCH REPORT 



Applicadon Nunib«r 

EP 94 10 7761 



DOCLMFNTS CONSIDERED TO BE REL EVANT 



C«tcgor>| 



Cttaiion of docuniefit with indicMtion, where appropnaCe, 
of releviutc passages 

EP-A-0 523 702 (CANON KABUSHIKI KAISHA) 

* figure 17 * 

* column 13, line 29 - line 39 * 

* column 20, line 37 - line 44 * 



EP-A-0 493 804 (CANON KABUSHIKI KAISHA) 

* column 6, line 9 - line 18 * 

* column 7, line 3 - line 14 * 

* figure 1 * 



EP-A-0 406 262 (MATSUSHITA ELECTRIC 
INDUSTRIAL CO.) 

* figures 12,13 * 

* column 6, line 3 - line 17 * 

* column 11, line 26 - column 13, line 51 



Rckva/ic 
to claim 



: 1,6,6 

I 

:10,11 
1,5.6 

12 



cLASsinc Ano^ of hik 

APPUCAnON (Int ( 1.^ 

H01J9/18 
H01J31/12 



, Y 
A 

0,A 



PATENT ABSTRACTS OF JAPAN 

vol. 15, no. 82 (E-1038) 26 February 1991 

& JP-A-02 299 136 (CANON INC.) 11 December 

1990 

* abstract * 



10,11 
12 

M2 



IKCHMCAl. HKIJJS 
SKARCIltl) (Int. CI. 5) 

HOIJ 



PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 231 (E-274) 24 October 1984 

& JP-A-69 114 734 (MATSUSHITA DENKI SANGYO: 

KK) 2 July 1984 

* abstract * 



2 — 
s 

8 
g 

at 

C 

c 



The present seaj-ch report been drawn up for aJI daims 



Plate •( tcjrtk 

THE HAGUE 



12 December 1994 



Colvin, G 



CATtGORY OF Ol tU DOCLMIMS 

pulicululy reJev^t if tiken aJoDe 
pirtioilirly relcvut if combined with anoth«r 
document of the sxnie category 
(•chAologlcaJ background 
non-written disclosure 
intcrmcdiste document 



T : theory or prinaple underlying the invention 
E : earlier pateit docuraent, but published on, or 

after the filing date 
D : document dtcd lo the application 
L : document dted for other reasons 

A ; mcrabcr of the same patent family, corresponding 
document 



J 

Office £p 94 iQ 775^ 



European Patent 



LACK OF UNITY OF INVENTION 



Th« Saarct^ 0<via.on conttdft'S that pf«««nt EufOp*ap paisni appicaoon c>o«3 not corrp^i^ wJi B^e feq-i'e^.er; c' jn,-y o' 

lOveroon and r*at«s Id »«v«<ai 'nv«noont or qtouq* of tnvanoons. 

nam*y 

1. Claims 1-7,12-19 : Geometric spacer arrangement relative 

to electron beam deflection direction. 



2. Claims 8-11 



Fixing of spacers. 



P.B.5818 - Patentlaan 2 
2280 HV Rijswijk (ZH) 
E (070)3 40 20 40 
TX 31651 eport 
FAX {070)3 40 30 16 



Europdisches 
Patentamt 

In 0«n Haag 
Recherche n- 
flhtftllimg 



Euruf^can 
Patent Office 



rthflslnn 



at 

igue 



Office europeen 
des brevets 

D^rtoment k 
LaHaye 
DMslonde la 
fftfivirnhft 



r 



DatunVDate 

09.02.98 



2eichen/Ref./R4f. 


Anmeldung NriApplication NoyOemande n^'TPatent Nr TPatent No./Brevet n°. 


2373140 


97204007.5-1240- 


Anmel<Jer/Applk:ant/Oe nwr^ ur/Pate ntin habet/Proprietor/TjtuI aire 




CANON KABUSHIKI KAISHA 





COMMUNICATION 



The European Patent Office herewith transmits as an enclosure the European search report for the 
above-mentioned European patent application. 

If applicat)le, copies of the documents cited in the European search report are attached. 

E Additional set(s) of copies of the documents cited in the European search report is (are) enclosed 
as well. 

The following specifications given by the applicant have been approved by the Search Division: 
E abstract □ title 

□ The abstract was modified by the Search Division and the definitive text is attached to this 
communication. 

The following figure will be published together with the abstract: 9 



REFUND OF THE SEARCH FEE 

If applicable under Article 10 Rules relating to fees, a separate communication 
from the Receiving Section on the refund of the search fee will be sent later. 





European Patent W eurqPEAN SEARCH REPORT 

Office 



Application Number 

EP 97 20 4007 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P,Y 

A 
Y 

A 
A 



Citation of document with indication, where approprigle. 
of relevant passages 



EP 0 631 295 A (CANON KK) 

* figures 6,8-11,16,19 * 

* column 14, line 1 - line 12 * 

* column 24, line 50 - column 25, line 2 * 



EP 0 451 362 A (MITSUBISHI ELECTRIC CORP) 

* figures 1,7* 

* column 8, line 47 - column 9, line 9 * 



WO 88 01098 A (COMMTECH INT) 

* figures 2,3,5 * 

* page 8, line 25 - page 9, line 6 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



1,3 



H01J9/385 
H01J9/18 



1,3 



1,2 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.6) 



HOIJ 



The present search report has been drawn up for all claims 



Place of searcti 

THE HAGUE 



Date o( completion of ttie searcti 

2 February 1998 



Examiner 

Colvin, G 



CATEGORY OF CITED DOCUMENTS 

X : particutaily relevant H taken atone 

Y : particularly relevant If combir^ed with arwther 

<Jocun-vent of ttw same category 
A : technological background 
O ; non -written disctosure 
P : intermediate document 



T : theory or principle underlylr^ the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 

& : member of the same patent family, corresporxling 
document 



ANNEX T^HE EUROPEAN SEARCH REPOR-H^ 

ON euroPIan patent application no. ^ 



EP 97 20 4007 



This annex lists the patent family members relating to the patent documents cited ,n the at^ove -mentioned European search report, 
^rop1irP^:tent'S"«!rrs1:rwS --yg-n .or the purpose o, 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0631295 A 


28-12-94 


OP 


7302560 A 


14-11-95 




AU 


673910 B 


28-11-96 






AU 


6317994 A 


01-12-94 






CN 


1104370 A 


28-06-95 






CA 


2123842 A 


21-11-94 






JP 


7045221 A 


14-02-95 


EP 0451362 A 


16-10-91 


JP 


2637272 B 


06-08-97 




JP 


4002030 A 


07-01-92 






US 


5207607 A 


04-05-93 


WO 8801098 A 


11-02-88 


US 
EP 
JP 
US 


4857799 A 
0316361 A 
2500065 T 
5015912 A 


15-08-89 
24-05-89 
11-01-90 
14-05-91 




§ For more deta.ls about this annex : see Official Journal of the European Patent Office, No. 12/82 



